Particle therapy is a technique that uses accelerated charged ions for cancer treatment and combines a high irradiation precision with a high biological effectiveness in killing tumor cells [1] . Informations about the secondary particles emitted in the interaction of an ion beam with the patient during a treatment can be of great interest in order to monitor the dose deposition. For this purpose an experiment at the HIT (Heidelberg Ion-Beam Therapy Center) beam facility has been performed in order to measure fluxes and emission profiles of secondary particles produced in the interaction of therapeutic beams with a PMMA target. In this contribution some preliminary results about the emission profiles and the energy spectra of the detected secondaries will be presented.
Introduction
In particle therapy accelerated light ions (Z ≤ 10), expecially p and 12 C, are used for the treatment of tumors [1] . The greatest advantage of the particle therapy with respect to the conventional therapy with photons (radiotherapy) is a highly localized dose deposition, due to the typical profile of the dose released by a charged particle ending with the Bragg Peak, and hence a higher biological effectiveness in killing tumor cells. For such reasons this technique can be used for the treatment of highly radiation resistent tumors, sparing surrounding organs at risk (OAR) [2] .
Due to the improved therapy spatial selectiveness, a novel monitoring technique, capable of providing a high precision "in-treatment" feedback on the dose release position, is required in order to act on the beam control and to prevent damages to OARs. Since the primary beam is fully stopped inside the patient body, it is necessary to exploit the secondary particles emitted in the nuclear interaction processes between the ion beam and the target nuclei, in order to reconstruct "online" the dose release [3] [4] [5] [6] . Beyond p and 12 C there is a growing interest in other ion beams like 4 He and 16 O: an improved characterization of the secondaries production for these beams is becoming crucial for their deployment in treatment centers. The precise knowledge of the secondary particles production, and in particular of their angular and energy distributions, is a key ingredient also for Treatment Planning Software (TPS) development, allowing to improve the MC description of the ion beams interaction with the patient body [9] .
In this contribution we report about the data collected at the HIT beam facility (Heidelberg Ion-Beam Therapy Center), measuring the secondary particles produced in the interaction of 4 He, 12 C and 16 O beams, with therapeutical energies, against a beam stopping PMMA target. Three type of secondaries have been studied: charged fragments (from both projectile and target fragmentation), PET γ (from β + emitters fragments) and prompt γ (from nuclear de-excitation), aiming to correlate the emission point with the dose release and to compute the production fluxes for each type of secondaries. In this contribution we present a brief description of the HIT experiment apparatus and the preliminary results about secondaries emission profiles and energy spectra.
The HIT experimental setup
The HIT experimental apparatus ( Fig. 1, left) is composed of several subdetectors, each optimized for the detection of one or more type of secondaries The forward emitted charged fragments are detected by a system of three BGO crystals (truncated pyramids 24 cm thick and with square bases 4.7×4.7 cm 2 and 6.0×6.0 cm 2 respectively, read by EMI 98117B PMTs) and three pairs of thin plastic scintillators (STS1 -0.2×4.0×4.0 cm 3 and STS2 1.0×4.7×4.7 cm 3 , read by H10580 PMTs) providing energy and ToF measurements. Each BGO and STS pair combination is an independent coaxial system positioned at different angular position (θ ∼ 0 • , 10 • , 30 • , with θ emission angle respect to the beam direction z, as shown in Fig 1) .
The charged fragments emitted at large angle, while having a reduced yield, can still be of interest for dose monitoring purpose because of their improved spatial resolution σ z on the fragment emission point (σ z ∼ 1/sinθ, see [6] ). The study of such large angle events is performed using a coaxial system composed of a thin plastic scintillator (LTS -0.2×5.0×17.0 cm 3 , read by a H10580 PMT), a drift chamber (DCH) and a LYSO crystals detector, already described in [6] . Data were acquired with this system placed at θ ∼ 60 • and 90 • in order to measure the energy, the ToF and the emission angle θ of the charged fragments. The same LYSO scintillator has also been used to measure the prompt γ energy spectra and the integrated production fluxes. Since no collimator was used during the data acquisition, the profile of the emission position of the prompt γ could not be measured.
In order to study the β + emission, gaining access both to the position and to the flux, a device able to measure the energy and the ToF of the two back-to-back 511 keV γ in time coincidence was set up. Two pairs of PET heads, shown as Rn and Rs in Fig. 1, composed of The fragments yield at large angles is lower than the yield at small angle as expected from fragmentation cross sections measurements [10] . However a non negligible production of hydrogen ions at large angles is observed for all beam types. The large angle hydrogen ions emission shape can be correlated to the beam entrance window and the Bragg Peak position exploiting the LYSO detector, as already measured with 12 C and discussed in [6] . Fig. 2 (right) shows the hydrogen ions reconstructed emission positions, along the z axis, measured at θ = 90 • , for carbon beam of different energies.
Preliminary results
The prompt γ produced by the nuclear de-excitation of ions and target nuclei along the beam path have been studied with the LYSO detector (measuring Energy and ToF), the SC detector (providing the trigger) and the LTS (used to veto the charged fragments). The energy spectra of the emitted γ have been measured, for all the different beam types and energies, using the LYSO detector to identify the prompt γ using the Energy vs ToF informations as described in [11] . In Fig. 3 (left) the measured energy spectra of the prompt γ emitted in the interaction of the 12 C beam with the PMMA target in the case of the LYSO detector at θ = 90 • is shown. Similar spectra have been obtained for all the beams and angular configurations (θ = 60 • , 90 • ). These raw energy spectra have not yet been corrected for efficiencies or resolution effects in order to obtain the production energy spectra.
The PET heads have been used to study the 4 He beam only. Due to the huge background coming from prompt γ and neutrons during the beam spill, the PET γ events have been selected in the time window with the beam off between two consequent spills (offspill) requiring the double time coincidence of the Rn and Rs heads. In Fig. 3 (right) the β + emitters profile has been reconstructed for the 4 He beam at 102 MeV/u. The raw emission profile has yet to be corrected for the detector efficiencies and for the angular acceptance.
Conclusions
In this contribution the preliminary results for the secondaries emission spectra produced in the interaction of different ion beams ( 4 He, 12 C and 16 O) with a thick PMMA target have been presented.
